Oxygen isotopic (δ 18 O) climatic stratigraphy and radiocarbon chronology, at high resolution, have been used to establish an age model for Ocean Drilling Program Hole 1017E, a continuous 25-m sequence of hemipelagic sediments from the continental slope (956 m water depth), east of Point Arguella, Southern California. The upper part of Hole 1017E from ~33 ka (7.445 mbsf) was dated using 13 calendar-corrected radiocarbon ages of mixed planktonic foraminiferal assemblages. Benthic oxygen isotopic stratigraphy records a continuous 130-k.y. sequence ranging from marine isotope Stage 6 to the present day. The benthic δ
INTRODUCTION
Site 1017 was one of a suite of late Neogene cores drilled along the California margin during Ocean Drilling Program (ODP) Leg 167 to further understand the geologic history of the California Current system since the late Miocene (Lyle, Koizumi, Richter, et al., 1997) . The California Current is known to have undergone a dynamic evolution during the Neogene (Ingle, 1977) , but little detail is known. Site 1017 is located in the coastal upwelling zone of the current 55 km west of Point Arguella on the upper part of the continental slope (Santa Lucia Slope; 34°32´N; 121°6´W) at a water depth of 956 m (Fig. 1) . Strong coastal upwelling at this location enhances biological productivity, and Site 1017 is located in the lower part of the oxygen minimum zone (Gardner et al., 1997) . High sedimentation rates (average = ~18 cm/k.y.) during the late Neogene at Site 1017 result from considerable terrigenous sediment supply from nearby continental sources to the east. The sequence contains a continuous record of abundant planktonic and benthic foraminifers, diatoms, and radiolaria necessary for high-resolution, late Neogene paleoclimatic/ paleoceanographic investigations. The high sedimentation rate at this location provides an important opportunity to resolve millennialscale climatic cycles during the latest Quaternary (Dansgaard et al., 1993) now well resolved in the nearby Santa Barbara Basin Site 893 (Kennett and Ingram, 1995; Behl and Kennett, 1996; Hendy and Kennett, 1999; Cannariato et al., 1999) . However, the sediments are bioturbated throughout Hole 1017E, unlike the Santa Barbara Basin (Kennett, Baldauf, et al., 1994) , which reduces stratigraphic resolution.
Hole 1017E was dedicated to examine, at very high resolution, paleoclimatic and paleoceanographic changes during the latest Quaternary. Objectives include examination of changes in (1) the California Current immediately north of the California Borderland and its interaction with the northward-flowing California Countercurrent and Undercurrent, (2) the oxygen minimum zone, (3) coastal paleoproductivity in the open-ocean California Current, and (4) intermediate waters along the California margin. Significant progress has been made toward understanding the late Quaternary evolution of these California Current system components (e.g., Keigwin and Jones, 1990; Mortyn et al., 1996; van Geen et al., 1996; Gardner et al., 1997 , and references therein). Hole 1017E offers much potential to build upon these investigations.
These investigations require an age model of sufficiently high chronological resolution to resolve millennial-scale climatic events. This contribution presents an age model for Hole 1017E based upon radiocarbon chronology and oxygen isotopic stratigraphic correlations. Both benthic and planktonic foraminifers are abundant enough throughout the sequence to provide the necessary materials for our high-resolution stable isotopic investigations. 
MATERIAL AND METHODS
Hole 1017E consists of three cores composed of 24.9 m of grayish olive, homogeneous hemipelagic clayey silt to silty clay (Lyle, Koizumi, Richter, et al., 1997) . Sand layers are relatively rare in the core but form a few thin (average 1-3 cm thick), medium-to fine-grained layers considered to be turbidites. These are largely associated with marine isotope Stages (MIS) 2 and 4 (Tada et al., Chap. 25, this volume) . Core recovery exceeded 100%, and the depths used in this contribution have been corrected for this expansion. Stratigraphic evidence indicates that the top of Hole 1017E marks the sediment/water interface.
Stable Isotopic Methods
Hole 1017E was sampled at high stratigraphic resolution for oxygen isotopic analyses that were employed in the age model. Samples were continuously taken down the core, each with a thickness of 3 cm (15-cm 3 volume). The raw samples were disaggregated in warm water, washed over a 63-µm sieve, and oven dried at 50°C. All of the samples contained sufficient numbers of benthic and planktonic foraminifers for isotopic analyses.
Specimens of the benthic foraminifer Uvigerina peregrina curticosta and the planktonic foraminifer Globigerina bulloides d'Orbigny were continuously present throughout and were picked for isotopic analyses. From five to ten specimens of Uvigerina and 10 to 20 specimens of G. bulloides from the >150-µm-size fraction were used for each stable isotopic measurement. Foraminiferal specimens are well preserved and show no evidence of diagenetic recrystallization of the calcium carbonate. Foraminifers in assemblages from Hole 1017E often contain infillings of pyrite, and specimens were picked with minimal amounts of pyrite.
Specimens selected for isotopic analysis were ultrasonically cleaned in reagent grade methanol, dried, and roasted under vacuum at 375°C for 1 hr to remove organic contaminants. The samples were reacted in orthophosphoric acid at 90°C with an on-line, automated carbonate CO 2 preparation device. The evolved CO 2 was then analyzed using a Finnegan/MAT 251 light stable isotope mass spectrometer at the University of California, Santa Barbara. Instrumental precision for δ 18 O is 0.09‰ or better. All isotopic data are expressed using standard δ notation in per mil (‰) relative to the Peedee belemnite (PDB) carbonate standard. Isotopic analyses were related to PDB through repeated analyses of NBS-19 with values, following Craig (1957) , of δ 18 O = -2.19‰. This contribution presents the oxygen isotopic data for Hole 1017E based on 794 analyses. The oxygen isotopic data are reported without corrections. Uvigerina has been shown to calcify its test close to oxygen isotopic equilibrium (Shackleton, 1974) , whereas oxygen isotopic values for G. bulloides deviate from equilibrium by -0.27‰ (Bemis et al., 1998) .
Radiocarbon Methods
The age model for the upper part of Hole 1017E (<7.45 meters below seafloor) was constructed using 13 calendar-corrected 14 C ages. The radiocarbon ages are based on 3.0-to 8.5-mg samples of mixed planktonic foraminifers. The planktonic foraminiferal samples were dominated by G. bulloides and Neogloboquadrina pachyderma, which were hand-picked. The samples were cleaned with deionized water and then leached with dilute HCl during ultrasonication. Dried samples were placed in individual reaction chambers, evacuated, heated, and then acidified with orthophosphoric acid at 90°C. The evolved CO 2 was purified, trapped, and converted to graphite in the presence of cobalt catalyst in individual reactors (Vogel et al., 1987) . Graphite targets were measured at the Center for Accelerator Mass Spectrometry, Lawrence Livermore National Laboratory (Davis et al., 1990) .
Radiocarbon ages are reported using the Libby half-life of 5568 yr, following conventions defined by Stuiver and Polach (1977) , and include a constant δ 13 C correction of 0.900. A constant surface ocean reservoir correction of 633 yr is used for the calibration of 14 C ages to calendar years. This value is the sum of the global surface-water reservoir-age correction of 400 yr from Stuiver and Braziunas (1993) and the regional reservoir-age correction (∆R) of 233 ± 60 yr from Ingram and Southon (1996) .
Radiocarbon dates younger than 11,000 14 C age were converted to calendar ages using the reservoir-corrected age following Stuiver and Braziunas (1993) . Radiocarbon dates older than 11,000 14 C age were converted to calendar ages using the equation from Bard et al. (1992) :
where A equals the reservoir-corrected 14 C age: i.e., 14 C age -630 yr. This equation can be used to calibrate samples from 10,000 to 38,000 14 C yr. However, ages older than 22,000 14 C yr are constrained by only two points and could therefore be problematic. The resulting calibrated ages using the above two methods all fall within the maximum and minimum calibrated age ranges (one sigma) obtained from the latest 14 C calibration data set, INTCAL98 (Stuiver et al., 1998) . These are the same methods used to construct the age model for ODP Hole 893A in Santa Barbara Basin, which should facilitate the comparison of these two records.
RESULTS

Age Model
We have constructed an age model for Hole 1017E based on a core-top age of 0 ka, using eight 14 C datums (Tables 1, 2 ) and 13 oxygen isotopic datums (Table 2) . Radiocarbon ages together with their (Fig. 2) and represent the general trend of the age-depth curve (Fig. 2) . The four other radiocarbon datums were not used to construct the age model because they deviate slightly from the curve (up to 400 yr for specific depths). Sediment ages between the datums are estimated by linear interpolation. The radiocarbon age data indicate near-linear sedimentation rates during the last 33 k.y. with an average rate of 18 cm/k.y. High-resolution benthic oxygen isotopic data for Hole 1017E are listed in Table 3 and plotted against depth in Figure 3 . The data exhibit the characteristic sawtooth pattern of the latest Quaternary δ 18 O deep-sea record from MIS 6 (~130 ka) to the present day (Fig. 4) . The isotopic curve is similar to those from the deep sea (Mix, 1987; Martinson et al., 1987) and presents an essentially continuous record from the latest part of MIS 6 (130 ka to present day). The sequence includes two glacial terminations (Terminations I and II), glacial Stages 4 and 2, two interglacial episodes (MISs 5 and 1), and interstadial Stage 3. Also clearly included are the five substages of interglacial Stage 5 (5E through 5A; Fig. 3 ). The bottom of Hole 1017E coincides with Termination II, which clearly is not complete because the δ 18 O values do not reflect glacial maxima values, and the shift at Termination II is only 1.1‰. This compares with the shift of 1.7‰ associated with Termination I (Fig. 3) . Correlation of the gamma-ray attenuation porosity evaluator records between the several holes of Site 1017 revealed two short gaps in the record (Fig. 3) that coincide with the core breaks (Lyle, Koizumi, Richter, et al., 1997) .
Unambiguous paleoclimatic events recorded in Hole 1017E were correlated with the standard deep-sea oxygen isotope chronology (Martinson et al., 1987) . Thirteen isotopic events are recognized and shown in Table 2 with assigned ages. The benthic oxygen isotopic record has been dated using these events (Fig. 4) . Sediment ages between the events were linearly interpolated. The near-linear sedimentation rates for the upper part of the core continue downward for the remainder of the sequence (Fig. 2) . Average rates of sedimentation in the middle and lower parts of the sequence (130-33 ka) are 17.2 cm/k.y.
The chronological resolution of the benthic oxygen isotopic data in Hole 1017E is every 334 yr. Each sample (3 cm thickness) analyzed represents an interval of 167 yr.
Planktonic Oxygen Isotopic Stratigraphy
To help develop a stratigraphic framework for Hole 1017E, we established a high-resolution planktonic foraminiferal δ 18 O record for G. bulloides for the last 60 k.y. (Fig. 5) . This has provided an exquisite record of climate change including the Holocene, Younger Dryas, Bølling/Ållerod (Dansgaard/Oeschger [D/O] 1), last glacial maximum, and D/O Cycles 17 through 4 (Fig. 5) . The beginning of the Bølling/Ållerod is clearly marked by a rapid δ 18 O decrease of 2.5‰. The D/O cycles are represented by distinct δ 18 O changes ranging from a few tenths per mil to 1.2‰. As in the Santa Barbara Basin (Hendy and Kennett, 1999) Age ( (Fig. 5) . Each D/O cycle is shown to be younger in Hole 1017E compared with the Greenland ice core. The reason for this relatively systematic age offset is unclear. We believe that these climatic events are almost certainly isochronous (Hendy and Kennett, 1999) , and therefore the age offset is an artifact of the time scale. This is difficult to prove given the strong limitation of the radiocarbon time scale (Voelker et al., 1998) and insufficient resolution in using SPECMAP age assignments for the sequence older than 35 ka.
To better compare the climatic records from Hole 1017E and GRIP, we have tied them together by correlating three intervals representing the initiations of interstadials 14, 12, and 8 (Fig. 6) . The effect of this is to bring the sequence of D/O cycles into alignment. Although the correlations are made using only three tie points, strong similarities are revealed in the timing and magnitude of climate pat- terns between the two records. An effect of this chronological realignment is to reassign the age for the level of the oldest radiocarbon date (32,958 ± 380 ka) in the sequence to ~36,500 ka. Strong deviations in radiocarbon chronology are known for this interval (Voelker et al., 1998) .
Termination IA is shown by a rapid δ 18 O decrease of 2.5‰ in G. bulloides and Termination IB by a decrease of 1.7‰. During the deglacial interval, a temporary increase of 1‰ marks the Younger Dryas cool episode (Fig. 5) .
The recognition of an almost complete suite of D/O cycles provides a high-resolution stratigraphic framework that will be of value in correlating paleoenvironmental changes recorded in Hole 1017E with other sequences. Paleoceanographic interpretations based on the stable isotopic record of Hole 1017E are to be discussed elsewhere.
CONCLUSIONS
Hole 1017E represents an essentially complete sequence of latest Quaternary climatic change since marine isotope Stage 6 (130 ka to present day) for the California Current.
Sedimentation rates are sufficiently high (average = ~18 cm/k.y.), and benthic and planktonic foraminifers are continuously abundant to provide a high-resolution paleoclimatic record for the latest Quaternary.
The benthic oxygen isotopic record is similar to that of the deep sea and includes events that have been employed to develop the age model.
An almost complete sequence of latest Quaternary D/O cycles (MIS 3 stadial/interstadial oscillations) is recorded for the first time from the open-ocean California Current, indicating that the exceptional record provided by ODP Site 893 in the Santa Barbara Basin is representative of the broader California Current system. (Dansgaard et al., 1993) , based on GISP2 (Greenland Ice-Sheet Project) chronology (Bender et al., 1994) . Dotted lines show the correlation of Dansgaard-Oeschger interstadials (IS) in the Greenland ice core with California margin (Hole 1017E) surface-water warmings. Radiocarbon age control points (+) and isotopic Event 4.0 are shown to the right. PDB = Peedee belemnite, SMOW = standard mean ocean water. and Greenland ice core (GRIP) for the interval between 60 and 27 ka. Age assignment of the D/O cycles in Hole 1017E has been adjusted from that of Figure 5 by applying tie points (dotted lines) to the GRIP record at the initiation of interstadials (IS) 14, 12, and 8. Datums at ~28.5 and 59 ka are as in Figure 5 . Note strong similarities in the climate patterns between the two records once these correlations are made. PDB = Peedee belemnite, SMOW = standard mean ocean water.
The sequence of D/O cycles provides additional criteria to correlate climatic change within the California Current with records elsewhere.
